tech engineering = 





THE MACEDONIAN SURPRISE PARTY 


When the proud Persian hordes plunged headlong 
at Philip of Macedon’s army, they were dumped into 
the minor leagues by an entirely new strategy, the 
phalanx: a solid wall of warriors sixteen ranks 
deep. Strength-in-depth withstood and defeated 
the impact of an over-confident enemy. 
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MOLYBDIC OXIDE—jBRIQUETTED GR CANNED @e FERROMOLYBDENUM e 


Molybdenum steels are economical means of 
getting the strength-in-depth called harden- 
ability. With it, you’re assured of dependable 
performance under severe service conditions. 
Practical facts are available to show you where 
molybdenum can go to work for you. 


“CALCIUM MOLYBDATE” 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
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Yesterday it was sufficient to call yourself simply 
an Electrical, Mechanical or Chemical Engineer. 
But today we think in terms of specific functions 
performed . . . such as research, design, develop- 
ment or application engineering. For example, 
Westinghouse employs: - 


RESEARCH ENGINEERS... 
to investigate physical laws to extend scientific 
knowledge—or applied research to solve specific 
manufacturing problems, develop new apparatus. 


DESIGN ENGINEERS... 
to design all types of electrical apparatus to meet 
new or specialized requirements. Such work involves 
not only the writing of mechanical and electrical 
specifications but the selection of materials, manu- 
facturing processes and many other functions. 


DEVELOPMENT ENGINEERS... 
to evolve the desired product in physical form; to 
steer the product through infancy until it. is a 
success. 


APPLICATION ENGINEERS... 
to analyze new projects, recommend needed equip- 
ment; and to decide what type of apparatus will do 
the best job for the customer. 


SERVICE ENGINEERS... 
to direct installation and repair at the customer’s 
plants; to handle emergency breakdowns. _.10003 
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To obtain copy of Finding Your Place in Industry, consult 


Placement Officer of your university, or mail this coupon to: 


The District Educational Coordinator 
Westi e Electric Corporation 

10 High Street 

Boston 10, Massachusetts 


»>” 


These are but a few of the many oppor 
tunities for engineers in the electrical field. 
There are many others—in sales or manu- 
facturing at Westinghouse. Begin plans for 
your future by sending today for your free 
copy of “F: iedion Your Place in Industry.” 





Name. 
CJ | Sis cncrsinlstessccliontgestsinhanchcaceaaen NUNN ieee a es 
Westinghosse | 
PLANTS IN 25 CITIES... OFFICES EVERY WHERE | : 
Catt j naceanaapaiangeacaaneyaischsiaih-cmaaumacaaae 
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A BEARING QUIZ FOR STUDENT ENGINEERS 


Do you know that over 90% of all modern bearing requirements can be 
met adequately with the Timken Tapered Roller Bearing? That in this one pre- 
cision mechanism is contained a multiplicity of abilities which when fully ap- 
preciated and properly applied can overcome any bearing condition you ever 
may encounter? 


Do you know that the Timken Roller Bearing is more than an anti-friction 
bearing; more than a radial load bearing? That it is an all-load bearing — can 
carry, all at once, radial loads, thrust loads, and any combination of them with 
full efficiency and certainty? 


Do you know that the Timken Bearing was introduced nearly 50 years 
ago and has undergone constant engineering development and refinement ever 
since? That the Timken-developed process of Generated Unit Assembly produces 
true spherical (convex-concave) contact between the large ends of the rolls and 
the rib or flange of the cone thereby reducing friction and initial wear to a 
minimum; assuring correct alignment of 
the rolls with respect to the races; help- 
ing to distribute the loads evenly through- 
out the bearing; decreasing operating 
temperatures; producing quieter running; 
and last, but not least, assuring that 
when the bearing is properly mounted 
no further adjustment is required? 


Do you know that the special alloy 
steel from which Timken Bearings are 
made was developed in our own metal- 
lurgical laboratories and is produced in 
our own steel plant? That the Timken 
Bearing is the only bearing manufactured 
under one roof from raw material to 
finished product? 


Would you like to know more about 
the Timken Bearing, particularly how 
it can help you in your engineering 
career? Write us. The Timken Roller 
Bearing Company, Canton 6, Ohio. 


THE TECH ENGINEERING NEWS 



































HERE IS WHERE BUDD TRAINS ARE BUILT 


APRIL, 1947 


This new plant has been converted from war production and is now 
turning out the famous Budd stainless steel trains. 

The plant is enormous and splendidly equipped. It provides ample 
room for the fabricating of eighty cars at one time. And it also provides 
jobs for thousands of men and women. 

New stainless steel cars are rolling out—joining the blue ribbon fleets 
of many of the nation’s foremost railroads. 

These new cars are true post war creations. Budd is utilizing to the 
fullest the technical advances of the past six years. We have reason to 


believe they are the best trains that have ever been built. 
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Budd plant on Red Lion Road, near Bustleton 








































































Briefing the News... 


Rocket Exhaust Gases... 


N the search for a rocket that will out-perform the 
German V-2 and climb still further into the earth’s 
outer atmosphere, scientists have been seriously hin- 
dered by their lack of knowledge about the velocity with 
which hot gases are expelled from a rocket. If it were 
interjected into the streaming gas any measuring instru- 
ment would be instantly vaporized, and even if it could 
ssibly withstand the extreme temperatures, it would 
so disturb the thousand-mile-a-minute flow of gas that 
measurements would be useless. 

From General Electric, however, comes news that 
a group of their scientists have perfected a device for 
simultaneously measuring the temperature and the 
velocity of the burning gases. The instrument employs 
the principle by which the velocities of distant stars and 
the speed of rotation of the sun are now measured by 
astronomers. 

The instrument uses the principle of the Doppler 
effect, according to which the frequency of a sound or 
light wave sent out by a moving body is greater in the 
direction of motion than in the opposite direction, 
whereas its radiation at right angles to the direction of 
motion is its normal radiation frequency when at rest. 
This is the reason that a train whistle sounds so high- 
pitched when it is approaching, but drops abruptly in 
pitch as the train passes. The same principle is applied 
to starlight to measure the velocity of stars. The light 
given off by a star is examined with a sensitive spectrom- 
eter. If a certain spectral line is in its normal position, 
the star is neither approaching nor moving away. If 
the line is shifted toward the violet or high frequency 
end of the visible spectrum, the star is approaching, 
whereas if the line is shifted toward the red end of the 
spectrum, the star is receding. Since the spectral lines 
of the more distant stars are shifted toward the red 
end of the spectrum, the stars appear to be moving 
away from the earth in all directions, and this phenome- 
non has given rise to the theory of the expanding 
universe. 

The General Electric scientists set out to measure 
the velocity of the exhaust gases of a rocket by this 
means. The task was very difficult because of the small 
shift involved, but the scientists overcame this obstacle 
by using two spectroscopes, one examining the escap- 
ing gases from the rear and the other examined them 
from alongside. The yellow line of sodium was selected 
for the examination. In the spectroscope beside the 
stream of gas the sodium line was in its normal posi- 
tion, but in the instrument placed at the rear it was 
found to be shifted slightly toward the violet end of the 
spectrum. The sodium lines produced in the two spec- 
trometers were superimposed in an interferometer. If 
they had exactly the same frequency, the waves would 
have produced no interference pattern, but, due to the 
slight difference in their frequencies, the waves pro- 
duced an interference pattern consisting of a series of 
ight and dark rings which could be photographed on a 
photographic plate. By measuring the separation of 
the rings, the scientists were enabled to tell the dif- 
ference in the frequencies of the two spectral lines and 
thus the velocity of the exhaust gases. 


Naming the Heaviest Atoms ... 


A little over a decade ago the elements were thought 
to be ninety-two in number, hydrogen being the light- 
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est and uranium being the heaviest of the lot. Since 
then, however, four new elements have been added to 
the atomic list, two of which were formed by the atomic 
pile. Element 93 is neptunium, and together with 
plutonium, element 94, is produced by the interaction 
of uranium and neutrons in the atomic pile. Element 95 
has been named americium, in honor of all the Ameri- 
cas, and element 96, the heaviest of all, has been named 
curium, after the great scientists of radioactivity, 
Pierre and Madame Curie. ; 


Smallest Phototube .. . 


The smallest photoelectric tube ever developed for 
sale is RCA’s new tube 1P42. It is only an inch and a 
half long, while the end, through which the light enters, 
is only one-fourth inch in diameter. 

The tube is nearly as sensitive as large phototubes, 
and can be installed in a much smaller space than the 
conventional ones. 


Electrostatic Paint Spraying . . . 


The principle of electric precipitation of smoke in 
chimneys has been applied to paint spraying. The 
object to be sprayed is given a highly electric charge 
relative to the paint spraying apparatus. As a result 
the small highly charged paint drops are attracted to 
the surface and adhere to it. 

The process was used during the war on small 
objects, and has now been applied to much larger 
objects. The efficiency of the new method is much 
greater than the usual method of spraying paint. Only 
half as much paint is used, and only a third as much 
labor is required. 


How to Clean a River... 


The people of Louisville, Kentucky, were complain- 
ing. The many large rubber plants along the Ohio 
River had been disposing of their waste products by 
dumping them into the river. Finally the odor of 
decomposing sulfur compounds became too great to 
bear, and the population in the vicinity domaiied that 
the matter be called to a halt. 

Dr. Fleishman of the Covington, Kentucky, filtra- 
tion plant found a solution to the problem. He dumped 
a quantity of sulfur into the river. This encouraged the 
growth of sulfur-consuming bacteria, which soon con- 
sumed not only the sulfur thrown into the river but the 
decomposing waste products as well. Soon the water 
had lost its odor, and science had won another victory. 


A New Magnetic Alloy... 


From the Bell Telephone laboratories comes news 
of a new easily-magnetized alloy called supermalloy, a 
super-magnetic alloy of iron, nickel and molybdenum. 
It has an extremely high magnetic permeability, over 
five hundred times that of iron and more than two 
hundred times that of silicon steel, the alloy used in 
the cores of transformers. 

The new magnetic material has a very low hysteresis 
loss under low magnetizing forces, and hence is expected 
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to come into very extensive use in voice-frequency 
transformers for radio and telephone work, for with the 
new alloy the frequency range that can be transformed 
is increased threefold. Under high magnetizing forces, 
however, the material becomes saturated, and thus 
seems to be impractical for use in power transformers. 


Oil Recovery Chemical... 


A new chemical, Dresinol, which substantially 
reduces the cost of the secondary recovery of oil from 
wells by flooding: them with water, was revealed by 
Mr. Donald Martin, of the Hercules Powder Company. 

One of the principal ways of recovering oil from 
wells in which it is not longer flowing freely is to pump 
water into the oil sands to displace the oil. In the past 
it was not possible to force out economically the enor- 
mous deposits of crude oil in the more tightly packed 
layers of sand, however. Water forced down the intake 
well would naturally first seep into loosely packed sand 
strata which had already been drained of oil. To offset 
this, it was necessary to greatly increase the amount of 
water so that some pressure would be exerted on the 
more tightly packed sands. However, too often the cost 
for doing so was prohibitive. 

The situation ae been greatly altered by the dis- 
covery of dresinol, a selective plugging agent, which is 
pumped down the water intake of wells. Because there 


. Is less resistance to pressure in the loosely packed sands, 


the dresinol solution flows into these layers, and in a 
matter of hours these layers become almost impervious 
to the penetration of water. After the porous layers of 
sand have been plugged, water can be forced down the 
well and the deep-seated oil extracted with a fraction 
of the original quantity of water. 


A Sensitive, Portable 
Radiation Detector... 


With the advent of the atomic era, it has become 
important to have a portable radiation detector which 
can be used to discover radioactive deposits and to 
warn one against radioactive substances produced by 
an atomic pile. The Phillips Company reports that it 
has developed a portable Geiger-counter radiation 
detector weighing 17 pounds. 

For use in such devices as the portable Geiger 
counter and electron multiplier tubes, the Eveready 
Company has designed a 300-volt battery, 2% inches 
wide and 4 inches igh, weighing | pound. It will last 
for over 300 hours under minute current drains, but if 
the current rises over a few microamperes, the battery 
is quickly discharged. 


Fragments of the Moon... 


Mr. H. H. Nininger, a noted American authority on 
meteorites, has come out with the theory that certain 
glassy meteorites, called tektites, which strike the earth 
are fragments of the moon which have been blasted 
from it by the impact of the iron and nickel meteorites 
traveling through space. 

The reason that’ the tektites form and, reach the 
earth, says Mr. Nininger, is that the moon has no 
atmosphere to protect it from the impact of visiting 
meteors. A hnighesediesiey meteor would ve 
generate an enormous quantity of heat on colliding wi 
the moon, and molten fragments of the moon would 
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undoubtedly be ejected. Since the moon’s gravitational 
field is far weaker than the earth’s, some of these par- 
ticles might escape from the moon and enter the earth’s 
gravitational field, eventually striking the earth. 

As evidence, Mr. Niniger points out that the tek- 
tites appear to have been melted twice in the course to 
the earth, the first time presumably on the moon’s 
surface and the second time through friction in the 
earth’s atmosphere. 


New High Vacuum 


Leak Detector... 


Reaching the all-time high for Rube Goldberg 
machines is the University of Minnesota’s latest leak 
detector for discovering tiny leaks in vacuum tubes and 
other high vacuum apparatus. The apparatus is tested 
by playing a fine jet of helium gas over the surface of 
the evacuated equipment. When the helium jet strikes 
a leak in the surface, a meter on the testing equipment 
indicates it within a few seconds, and thus the leak can 
be sealed or the apparatus discarded. 

As the stream of helium strikes a tiny hole in the 
apparatus being tested, the helium molecules are car- 
ried by a high vacuum line into a mass spectrometer. 
There a hot filament ionizes the helium to form He 
ions, which are accelerated away from the filament by 
several highly negative electrodes. The beam of ions 
then passes through a magnetic field, and is bent 
through a certain angle. All other ions are bent through 
a different angle, and hence fail to go through a small 
hole in a negatively charged plate through which the 
helium ion beam is next passed. The helium ion beam 
is then decelerated by passing through a positively 
charged ring and is then allowed to fall on the collector 
plate of the spectroscope. 

The spectroscope collector is connected directly to 
the control grid of a vacuum tube amplifier built into 
the spectrometer itself. 

The output of the amplifier is then passed to a 
direct-coupled high-gain amplifier, and the output cur- 
rent of this amplifier is read on a milliammeter. Thus 
as soon as the helium jet strikes the leaky apparatus, 
the milliammeter reading indicates the extent of the 
leakage. 

The mass-spectrograph high-vacuum leak detector 
was developed to discover leaks in gaseous diffusion 
plants for the separation of U-235, the uranium isotope 
that was used to make the atomic bomb. A high vacuum 
had to be maintained in a large piece of apparatus for 
long periods of time, and hence a highly efficient leak 
detector became imperative. The mass spectrograph is 
an extremely sensitive instrument, being able to detect 
leakages of .01 micron-cubic-feet per hour, or the 
amount of gas that would build up a pressure of .01 
microns (2 x 10-’ lbs./sq. in.) in a volume of one cubic 
foot in a period of an hour. The ability of the spectrom- 
eter to distinguish the entering helium from the small 
amount of air already present is also remarkable, for 
the apparatus can detect ten parts per million of helium 
in air. ; 

In spite of the complexity of the instrument, the 
University of Minnesota’s spectrograph has been de- 
signed on a small scale so that it is portable, and the 
new instrument will undoubtedly become a commer- 
cially available instrument in the future. The Radio 
Corporation of America is using a similar piece of 
apparatus in testing for leaks in vacuum tubes, and has 
reported that the new machine has performed a service 
which far outweighs its cost. 
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have been National's col- 

laborators in creating the 

ors NC-173—ready now after 

five years of intensive research. Here 
are some of the advantages this 13- 
tube superheterodyne receiver offers: 


@ The NC-173’s newly designed ad- 
justable threshold double diode noise 
limiter—working on both phone and CW 
—hasanextremely high limiting efficiency 
because of the short recovery time. 


@ Voltage regulated circuits give the 
NC-173 high stability and less drift for 
changes in powerline voltage. The pitch 
of code characters barely changes — 
even over extended listening periods. 





Hams around the world 


@ The S-meter circuit allows signal 
strength recordings to be taken on either 
phone or code. 


@ Works equally well on coaxial feed- 
line, single-wire, directional or balanced 
antenna. 


@ AC powered. Will also operate on 
battery for portable or emergency use 
—110/120 or 220/240 volts, 50/60 
cycle. Frequency range .54 to 31 and 
48 to 56 MC. (Includes calibrated band 
spread on 5, 10, 11, 20, 40 and 80 


meters). 


@ Ask your dealer to let you see and 
hear the new moderate-priced NC-173. 
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Final check-up of a 
Chance-Vought fighter 


before air tests 
Official U. 8S. Navy photograph 
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Evolution of an Airplane 





By FLETCHER EATON, °49 


PART II 


ee airplanes are so complicated that it is 
often a marvel to many people that they actually 
fly. Just how the engineer can be certain that his plane 
will fly after it has gone through the complicated — 
of being manufactured is the subject of this article. 

In a previous issue, we discussed the use of a wind 
tunnel in evolving the external shape of a plane. In 
the present article we will begin with the premise that 
the engineer knows what the external shape of his plane 
is to be. He is satisfied as a result of his wind tunnel 
tests that the design is sound and he continues his 
labors without further recourse to the tunnel. His hard 
won information is recorded full-size on sheets of metal 
and, in the case of the body lines of his plane, has the 
appearance of Figure 1. Similar line drawings are avail- 
able for every major component of the ship. Thus, sep- 
arate drawings exist for the wing, the vertical tail, the 
horizontal tail, the gull-like center-section, the engine 
cowl, the pilot’s canopy, and all other external surfaces. 
(All references are to the Chance Vought “‘Corsair’’.) 
Since the ship is symmetrical about a vertical center 
plane, it is vale necessary to show the lines for one-half 
of the ship in the figure. 

What now happens is this: Each of the lines or 
contours in Figure 1 is reproduced separately on as 
many individual steel sheets. Steel is used because fine 
lines can be drawn on its surface, after it has been 
painted with a special type of white paint, and it is 
not affected by atmospheric conditions which would 
cause many other substances to 
shrink or swell. To aid in our dis- 
cussion, we will choose one contour 
from those in the figure and follow it 
through the engineering process to 
see what is done. For our example 
we have chosen Station 218 on the 
drawing. (Station numbers indicate 
the location of a contour on the ship. 
Station 218, for instance, is located 
218 inches, or 18 feet 2 inches, back 
of the propeller hub.) j 

The work is now taken in hand | 
by the airplane company’s mold loft, 
so named because in shipyards, 
which have similar departments, 
the mold lines of the ship’s hull are 
drawn in a loft up over the ship 
ways. The ae of lofting have 
been adapted to aircraft manufac- 
ture and hence the name. The 
loftsman painstakingly draws every 
part of the ship occurring at that 
station. His job is to fit all the neces- 
sary components inside the basic 
contour. Since this contour is co- 
ordinated with every other through 
the medium of Figure 1, everything 
the loftsman draws will fit inside the 
airplane when it is put together on 
the assembly line. His finished draw- 
ing is shown in Figure 2. 
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An assembly line for fighter engines 


United Aircraft Corporation 
The forward section, with tail section joined, 
now starts out on its way down the final as- 
sembly line. The man at the left is spraying 
paint on a section that will later be enclosed. 
The workman at the right is checking cockpit 
installations. 


United Aircraft Corporation 
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We now have an accurate full-size picture of one 
specific part of the ship. On it are shown all the 
brackets, angles, channels, etc., which are necessary 
to hold the ship together at this location. Not only 
are these parts shown but so also are the rivet and bolt 
holes which hold them together. These are actyally 
drilled into the layout. From this point on, the layout 
serves as a constant guide in the making of all the tools 
necessary for fabrication of the parts shown. 

Templates are now made and carefully fitted to the 
layout. In principle, they resemble the patterns used 
in dressmaking. One type of template shows the flat 
pattern of the part to which it relates. This type also 
includes all the holes which will later be drilled in the 
part. Other templates give the shape of the form blocks 
over which the flat sheets of aircraft metal will later be 
bent. The general idea behind the template is that it 
enables men in the machine shop to make accurate tools 
without having to refer constantly to the master layout 
shown in Figure 2. 

The next step in the process is the actual cutting 
out of the flat sheet metal parts. In one method, sheets 
of aluminum of the proper thickness are stacked on a 
table from ten to fifty at a time depending on the num- 
ber of parts needed and also the thickness of the pile. 
The flat-pattern template is then laid atop the pile 
and firmly located. A profiling cutter is guided around 
the pile trimming the entire stack of sheets to the exact 





































Vought-Sikorsky Aircraft 





shape of the template on top. Any rivet or bolt holes 

«gl View looking aft at station 218 with the bulk- appearing in the template are subsequently drilled 
head at station 186 in the foreground directly through the template. 

A second method of cutting the flat sheet metal 

parts is to blank them or punch them in a press. This 

Check-up on the hydraulic system of a fighter can only be done for small pieces due to the expense 





plane United Aircraft Corporation of the dies. 
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United Aircraft Corporation 


Female engineering students at Chance Vought 
Division of United Aircraft are not dependent 
on textbooks for all of their knowledge. Here 
two would-be engineers are acquiring first- 
hand information on flying characteristics 
from test pilot Bill Horan 


The sheet metal parts which we have followed 
through the profiling and drilling process are now 
taken to huge presses to be formed. This process is 


A group of busy workmen put the finishing 
touches on a fighter plane United Aircraft Corp. 
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rather spectacular since the ma- 
chines involved stand as much 
as thirty feet high and are so 
obviously powerful as to cause the 
onlooker to beware. Essentially, a 
press consists of a huge piston 
operating within a cylinder mounted 
above a steel table. The lower end 
of the piston is covered with a thick 
block of rubber which flows around 
any object on the table when the 
piston is forced down. Since the 
rubber is about the same con- 
sistency as that in the tread of an 
automobile tire it is clear, at least 
to an actual observer, that tremen- 
dous pressures are required to make 
it flow. Our sheet metal parts are 
now located on the steel table be- 
neath the piston. Each part is 
mounted on a form block by means 
of pins. The crushing force of the 
enveloping rubber causes the sheet 
metal to be bent down over the 
form block to which it is attached 
and when the piston is returned to 
its upward location again, the com- 
pleted part is left on the table below. 
A few operations such as heat 





























Vought-Sikorsky Aircraft 


Bulkhead at station 218 is shown at the right. 
Compare this photograph with Figure 2 


treatment and the straightening of minor bends remain 
but the part is nearly finished when it leaves the press. 

With the completion of the cutting and forming of 
the sheet metal parts necessary to make the bulkhead 
at Station 218, the next step is one of sub-assembly. 
Since all holes have been previously drilled, this step is 
quite simple. It involves pinning the parts eaeahae 
and then riveting them. A coat of corrosion-proofing 
chemical is applied to the entire bulkhead and it is then 
shipped to a storage depot ready for use as a major 
component in a new plane. 

Essentially the same story could be told about every 
part in a modern all-metal airplane. What we have 
tried to emphasize here is that there is nothing really 
amazing about the fact that the first airplane off a 
modern assembly line will fly. After all, it is merely 
a large copy of a design whose satisfactory perform- 
ance was demonstrated in the wind-tunnel many 
months before. 
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Heating by Refrigeration 






By RICHARD W. SPENCER, ’49 


HEN a substance is carried through a reversible 
thermodynamic process as represented in the 
curve abc in Figure 1, an amount of work 


Ve 
V= PdV 
Va 
is performed by the substance. This integral is equal 
to the area under the curve (shown shaded in Figure 1). 

Now, referring to Figure 2, let us return = sub- 
stance to its initial state a by way of process cda. An 
amount of work equal to the area under this curve must 
be done on the substance. Thus, the net amount of 
work done by the substance going through the cyclic 
process abcda is equal to the shaded area enclosed by 
the curve. 

Of course, energy must be supplied in the form of 
heat to cause this process to take place. The net heat 
Q supplied in a reversible process is equal to the change 
in internal energy of the substance, AU, plus the work 
W done by the substance. In one complete cycle there 
is no net change in internal energy, as the substance is 
returned to its initial state. Therefore, the net heat 
supplied during a complete cycle equals the work done. 
Expressing these statements as equations, we have 


Q = AU+P, 
AU = 0, 
Q=0 


for a reversible cycle. 

I was careful to specify that Q was the net amount 
of heat supplied. The reason will be pointed out below. 
Referring to Figure 3, consider a cycle composed of 
two isothermal processes ab and cd and two adiabatic 
processes bc and da. Such a cycle is called a Carnot 
cycle, and is the most efficient possible cycle between 


Refrigeration equipment consists of eight completely independent 
condensing units, mounted in two rows of four machines on a single 


structural steel sub-base 








any two given extremes of temperature, 7; and 7p. 
Figure 3 represents a Carnot cycle for a gas, but the 
following discussion is valid for any substance, in any 
phase (gas, liquid, or solid). 

Figure 4 represents the same Carnot cycle as Fig- 
ure 3, but is expressed in terms of a different pair of 
codrdinates. The area enclosed by the cycle equals 


Sb Sa 
i) TydS-+ | TdS=Qo—Q, 


b 
where Q> is the amount of heat which must Be supplied 


Pi. 1 


i 


Y Volume V Vo 


at temperature 72 to carry the 
process from a to 6, and Q, is the 
heat rejected in the portion of the 
cycle from c to d at temperature 7}, 
generally too low a temperature to 
be useful as a source of energy. The 
efficiency of a Carnot cycle is 


>) 


Pressure P 
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The discussion so far has been 
concerned with an engine to con- 
vert heat at a high temperature to 
mechanical work, with the _ inci- 
dental loss of heat at a lower tem- 
perature. The cycle can be operated 
in reverse. Mechanical work is sup- 
plied, and heat at a lower tempera- 
ture is delivered at a higher tem- 
perature. The refrigerator is a com- 
mon example. Its purpose is to 
deliver heat from inside (at a low 
temperature) to the atmosphere 
outside (at a higher temperature). 
This process is represented in Fig- 
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ure 5, which is nothing more than the cycle of Figures 3 


and 4 operated in reverse. A measure of its efficiency 
as a refrigerator, the coefficient of performance, is 


Ska eae 
C.0.P. = ek ee 
This apparatus can be used as a heater as well as a 
refrigerator, where Q> is the heat desired, the useful heat 
for building heating purposes, for example. In this case 


T, 
T,—T; ° 


The C.O.P. of such a heater can be greater than 
unity, as can be seen. This means that a kilowatt-hour 
of electrical energy, for example, can introduce more 
than one kilowatt-hour of useful heat into a building. 
Use is made of this fact in the so-called heat pump, 
which will now be described. 

An electric motor drives a compressor which com- 
presses and liquefies a gas in the coils of a heat inter- 
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changer in the house heating system. After giving up 
heat in the house it passes through an expansion valve 
and into the coils of another heat interchanger at the 
source of heat —— the outdoor air, a reservoir of water, 
or simply the earth — where it vaporizes and expands, 
returning to the compressor to repeat the process. With 
a temperature of 40° F. at the source and delivering 
at 100° F. to the heating system of the house, the 
theoretical C.O.P. is 9.33. An actual C.O.P. of about 
5 has been realized in actual installations under similar 
conditions. 

An advantage of the reverse cycle system is that it 
can be operated to “pump” heat out of a building as 
well as into it. Thus, it can be used, in connection with 
air-conditioning equipment, to cool in summer as well 
as to heat in winter. 

So far, the picture sounds attractive. However, this 
system has serious drawbacks. If the system utilizes 


i FIG. 3 





V 


the outside air as a source of heat, the source will be 
coldest at the very times the most heat is needed. This 
means that a reverse-cycle system capable of heating 
a given building in zero or sub-zero weather must be a 
much larger installation than is necessary in more mod- 
erate weather. Also, dew or frost on the evaporator 
coils seriously decreases the efficiency of the apparatus. 
This would be a source of constant trouble in many 
climates. The system shows greatest promise in a mild 
climate without too much variation of temperature, in a 
locality where the heating load in winter will be approx- 
imately equal to the summer cooling load. 

Some of the systems in use utilize well water as a 
source of heat. This is likely to be at nearly constant 
temperature, and therefore is a good heat source for 
the purpose, but relatively few buildings are situated 
in places where this use of wells is feasible. 

Some small units for heating a single room or a few 
rooms use the earth as their heat source. As earth is 
a rather poor conductor of heat, and is unable to flow 
around the evaporator coils as a fluid can, this arrange- 
ment requires quite an extensive system of underground 

iping in order to have enough surface to = much 
9 For this reason the ground will probably never 
be used extensively for heating large buildings. 

One of the few large installations, if not the only 
one, in an area subject to severe winter weather con- 
ditions is the installation in the Administration Building 
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of the United Illuminating Company in New Haven, 
Connecticut. This equipment is designed to meet all 
heating requirements for outside temperatures down to 
20° F. Auxiliary heating is provided to help out in 
colder weather. The system also cools the building in 
summer. Its heat source consists of well water which 
remains at a constant temperature of 55° F. the year 
round. 

While under ideal conditions this type of heatin 
might compete with conventional methods, the initial 
cost and difficulties of design often make its use imprac- 
ticable. For example, the cost of an installation to heat 
a six-room house, the equipment to be assembled by 
the contractor, was once estimated at about $2600, as 
compared with $700 for a warm air heater or $1650 for 
a furnace and air-conditioning system. 

An installation in Pittsburgh, Pennsylvania, assem- 
bled from standard equipment, and using outdoor air 
as a source, gave an operating cost, at $.01 per kwh., 
equivalent to the cost of heating by coal at $14 per 
ton, oil at $.10 per gallon, or natural gas at $.80 per 
thousand cubic feet. In this country the savings to be 
realized have not been sufficient to bring about the 
widespread use of the system. There are perhaps thirty 
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or forty reverse-cycle heating instal- 
lations in use in the United States, 
many of which could properly be 
called experimental in nature. A 
few compact, enclosed unit heaters 
for small loads have been made, but 
nearly all the larger installations 
arecomposed of standard parts — 
compressors, evaporators, etc. — 
designed for other uses. 

witzerland has been a leader in 
the adoption of this method of heat- 
ing, due largely to the scarcity and 
high cost of coal and other fuels, and 
the low relative cost of electric 
power. 

As long as the cost of operation 
of a reverse-cycle system in this 
country is nearly equal to (or 
greater than) that of heating by 
conventional methods, its use will 
obviously not become widespread. 
The development of this method of 
heating is at present being pushed 
by the electric power industry, as 
its widespread use would greatly 
increase electric power consumption. 
It is conceivable, therefore, that 
with much increased use of this 
system, electric power could be sold. 
at a price which would enable the 
reverse-cycle method to compete 
successfully with other methods of 
heating. 


A simplified diagram shows 


winter and summer operation 
Power Magazine 
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By LEO SARTORI, ’50 


OOD Technology, the newest department at the 

Institute, offers a course which deals with the 
applications of chemistry, biology, and physics to the 
diversified needs of the food industries. In recent times, 
the food industries have experienced a marked trend 
towards the employment of more extensive technologi- 
cal methods and scientific research on a greater a. 
Consequently there has arisen a substantial demand 
for men trained in the basic sciences, especially chem- 
istry and biology, and in the methods of application of 
these sciences to food research, production, and dis- 
tribution. M.I.T. is one of the few colleges in the 
country which offers such a course. 

A student in Course XX obtains in his first few 
years a firm background in the basic sciences just men- 
tioned. The four years of chemistry which he takes 
include organic, physical, and biochemistry, and actu- 
ally comprise more credits than chemistry majors 
take in many other colleges. Three years of biology 
give a sound knowledge of that science, and, besides 
two years each of physics and math, various other 
courses are taken in chemical engineering, business 
administration, etc. With this general background and 
the actual experience in Food Technology which is 
gained in the latter years of the course, the graduate is 
well equipped to meet almost any problem which might 
arise in the food industry. Further graduate study then 
enables one to enter the research field. 

The problems of the food industry to which tech- 
nological methods can be applied are manifold. They 


concern mainly the growth, composition, and flavor of 


A laboratory experiment in high vacuum dehy- 
dration of foods. This particular apparatus is 
arranged so that the vapor pressure of water 
above the food component may be measured 


Food Technology Department 
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Food Technology Department 
A chainomatic balance which 
operates in a sealed jar under 
a vacuum of nine microns of 
mercury. Itis used for weigh- 
ing products sensitive to at- 
mospheric oxygen or moisture 


foods, and the effects on flavor and 
nutritive value of various conditions 
which might be imposed, such as 
temperature, packaging, age, etc. 
Also involved are the operation of 
food plants, and the application to 
practical use of the new techniques 
developed in the laboratory. 
Perhaps the most important 
single problem in food technology is 
the determination of the chemical 
composition of foods. For, if the 
composition of a substance is known, 
then its food value can also be de- 
termined, and the proper methods of 
treatment and improvement can be 
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A microphotograph of a film 
of orange powder formed by 
dehydrating a spray of orange 
juice under high vacuum. 
The section through the film 
indicates that the powder has 


a semi-fibrous structure 
Food Technology Department 


applied to it. Whenever a new sub- 
stance is suspected of possessing 
hitherto unknown value as a food, 
extensive chemical tests must be per- 
formed on itto determine its true 
composition. As a matter of fact, 
samples of foods from all parts of the 
country and from places as far away 
as South America and China are con- 
stantly being received by the food 
laboratories 08 for analysis. The 
subject of organic chemistry is of 
course of the utmost importance in 
this type of work, especially in the 
analysis of substances such as pro- 
teins, carbohydrates, and vitamins, 
which are the main sources of food 


Within the box in the center 
is a very thick copper bar 
which is heated at one end 
and cooled at the other. This 
sets up a gradient of tempera- 
ture within the bar which is 
easily measurable. By drop- 
ping various food prepara- 
tions on the bar, the sticking 
point can be measured. This 
property is a very important 
one in the food processing 
industries as it determines 
the highest temperature that 
may be applied to any given 
food material 
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value. The food technologist is 
needed because of his knowledge of 
the chemistry and biology of food. 

Flavor is another major field 
with which the food technologist is 
concerned. Companies are always 
interested in improving the flavor of 
their products, since it is the one 
way in which the public is capable 
of judging a food. Consequently, 
there is taking place continuous re- 
search in the testing and improve- 
ment of flavor, and much of this sort 
of work is taking place in labora- 
tories here at the Institute. The 
question of just what substance or 
substances in the food is responsible 
for causing the flavor is one which 
has not been completely answered, 
and upon which much research is 
being conducted. Of perhaps more 
practical value is the effect on flavor 
(and on nutritive value) of such 

(Continued on page 290) 
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WMIT—The Beaver Network 


By WMIT STAFF 


NEW student activity was launched at 8 p.m. on 
November 25, 1946, when Dr. Karl T. Compton 
made the inaugural address at the opening of the Insti- Tremendite: 
tute’s carrier-current broadcasting station, WMIT. 
With headquarters, studio, and control room in Ware 
Dormitory, the station provides regular programs to the 
dormitory students during the school year. 

WMIT operates on the carrier-current principle in 
which the 110-volt power lines act as the medium for 
transmitting the programs. The distance over which 
signals may be picked up does not extend beyond 20 Tight 
to 30 feet from the power lines to which the transmitter Coupling 
is coupled. The range is, consequently, so small that 
no license is required and the activity does not come 
under the jurisdiction of the Federal Communications Pay Fee 
Commission. re 


lov. 60 





Within the service area of the station which now Fig. 2 
includes the undergraduate dormitories, Walker Memo- 


WMIT was organized early in 
October, 1946 by a group of students 
including Richard Baum, Albert J. 
Davidson, Paul F. Ely, Jr., Harold 
Jacobson, Henry Koerner, Harold B. 
Nelson, Jack C. Page, and Michael 
T. Rosar. Together they pooled 
financial resources and purchased 
the items necessary to build the 
transmitter. Grants from the Insti- 
tute Committee, the Dormitory 
Committee, and the Institute ad- 
ministration have made possible the 
repayment of these loans. 

The station is operated on a busi- 
nesslike basis similar to that of 
commercial broadcasting stations. 
A constitution was drafted for the 
student government of the station 
and was approved by the Institute 
Committee. Applications for stu- 
L pe : a, / dent participation were distributed 
ts =a and those interested were assigned 
be é( to positions in the engineering, pro- 
gram production, advertising, and 
business departments. 
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H. Koerner 
In five seconds, at 8:00:00, 
the announcer will begin 
another evening of broadcast- 
ing over WMIT with the now- 


familiar words, “It’s eight === : 

o’clock and Station WMIT : =“ . 3 
resumes its broadcasting ac- 
tivities. ...’’ Several of the 


EAS 





Link to 
station ‘‘artists’’ collaborated Coupling 
to produce the ‘‘art’’ on the aa — 
blackboard 

. . Power - Amplifier 
rial, and the President’s House, pro- + 
ts may be received on any radio o QROLO LOR ADL 
Trequency receiver tuned to the sta- _°°¢i!!ator ~ Doubler 5 
tion’s frequency of 800 kilocycles per | | 
second. Fig. | Audio — 
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Power Feeder 2. 


Fig. 3 








H. Koerner 


The engineer studies the program sheet for the 
classical music program which follows the 
**bops’’ presentation now on the air. In front of 
the engineer is the control console. The left- 
hand set of dials controls the turntable hookup, 
and the right-hand set determines whether or 
not the two microphones are ‘“‘live’’ 


A poll taken by the business department of students 
living in the dormitories showed that the largest per- 
centage of students preferred classical music, with 
popular music, news of campus activities, Jectures, 
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Coupling at R.F 
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— =~ Ground at 60 cycles 
, looks like high R.F. 
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debates, and sports following in that order. In accord- 
ance with the results of that poll the station is operated 
each week-day evening between 8 p.m. and 12 midnight. 
In addition to these hours, dance music is broadcast 
from 12 midnight to 2 a.m. Saturday and Sunday 
mornings. 

The transmitter used by WMIT has a power output 
of about 20 watts depending upon the load conditions. 
It consists of an electron-coupled 6F6 oscillator doubler 
followed by an 807 power amplifier, plate modulated. 
See Figure 1 for the circuit diagram. 

The R.F. power is fed through a link from the power 
amplifier tank circuit to a tuned resonant coupling cir- 
cuit which provides for several outputs at different 
voltage and impedance levels. The links to transmitter 
and to the 110-volt power line are tightly coupled to 
the coil of the tuned circuit as illustrated in Figure 2. 
The telephone line which is the transmission line be- 
tween the transmitter in the Senior House and the New 
and Old Dormitories is loosely coupled to the coil. This 
coupling is variable so that the R.F. voltage on the 
telephone line may be adjusted to prevent overloading 
of the line. A third output is available through the 
two series capacitors. 

The R.F. signal at 800 kilocycles will not pass 
through the step-down transformers in the power feed- 
ers; hence it is necessary to connect the transmitter to 
each power distribution area by means of transmission 
lines. For example the Senior House, Walker Memorial 





K. Koerner 


At ten minutes of eight, the engineer in charge 
flicks the switch, warming up the transmitter 
that sends WMIT out to its listeners 


and the President’s House are connected to one power 
feeder, while the New and Old Dorms are on another, 
Figure 3. In the first area the R.F. signal is strong, 
since the transmitter is located there and it is possible 
to couple it directly to the line. Most of the power 
output of the transmitter is absorbed in this area. This 
quantity of power is not necessary for good reception, 
but it is done mainly to provide a load for the trans- 
mitter to improve stability and modulation quality. 
Despite the fact that power is distributed in a three- 
phase system it has been found that coupling to only 
one of these phases is sufficient. 

The transmission line between the Senior House and 
the other dormitories across Ames Street is a telephone 
line of the dormitory interphone system. About 20 volts 

(Continued on page 306) 


THE TECH ENGINEERING NEWS 





















































“THE GREATER LIGHT 
TO RULE THE DAY...” 


Seventh in a series of articles on Elementary Astronomy 


By PETER B. NEIMAN, ’49 


““TN\ROM this earth of ours the astronomer’s brain 

intelligence can reach out across 93,000,000 miles 
of space and determine what the sun is made of, what 
its i is, what the conditions are in the solar 
atmosphere, and acquire this information with so much 
of certainty that we know more of conditions in the 
solar atmosphere than we do of the terrestrial.’” — 
Dr. S. A. Mitchell. 

Perhaps the best way of presenting a clear and sys- 
tematic description of the sun is to fall back on the 
over-used, much-abused, corny, hackneyed, illogical 
and impossible idea of taking a rocket to the sun. In 
spite of these handicaps, the idea remains a good one. 
Okay, kiddies — all aboard for the sun! 

The first thing we notice about the sun is that it 
enables us to walk into the rocket alive, for it is the 
direct source of the maintenance of all organic processes 
and is indirectly responsible for all inorganic processes. 
With the insignificant exception of volcanoes and 
geysers, it is the source of all power on earth. 

From the earth’s surface, the sun appears to be a 
round luminous disk, subtending an angle of 1920” 
across its diameter. Since the mean orbital velocity 
of the earth can be measured by noticing its displace- 
ment, or parallax, against a background of stars, and 
since this method is independent of measurements of 
the sun, astronomers can accurately measure the radius 
of the earth’s orbit, and from this and the angular 
diameter of the sun, can also determine its true diam- 
eter. Most recent figures have placed the earth at 
93,005,000 miles from the sun, thereby giving it a 
diameter of 866,000 miles. From this figure, simple cal- 
culations give the sun a volume of 1,300,000 and a mass 
of 333,000 times that of the earth. 

With one final checkup to make sure our insurance 
policies are paid, we shall take off. As the rocket gets 
farther away from the earth’s surface the sky seems 
to be getting blacker, and the sun whiter, since we are 
confronted with less atmosphere to reflect the blue of 
sunlight. By now, the rocket is out of the earth’s atmos- 
phere, and we are ready for optical measurements under 
the ideal conditions of outer space, such as lack of 
haze or dust, and temperature variations. We cannot 
observe directly by telescopic means, for the concen- 
tration of light would instantly blind us. Instead we 
can take a spectrograph of the sun. Then, by com- 
paring the emission spectra to that of earth elements in 
an incandescent stage, we can identify at least 65 of 
the 92 elements on earth. Since some of the same ele- 
ments are found by similar methods in remote stars, 
we have an indication that the earth, the sun, and the 
stars are basically the same, and that the sun itself is 
a star. 

In order to get a complete picture of the sun, we 
have brought along an ingenious instrument, called the 
spectroheliograph. It consists of a telescopic camera 
with two slits. The first slit is at the focal plane of the 
telescope objective. A narrow beam of light passes 
through it and is analyzed by a spectroscope. A second 
slit allows one band of the spectroscopic image to fall 
upon a photographic plate. The telescope and slit are 
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then moved at right angle to the sun’s image, so that 
the whole solar surface is “‘scanned” and photographed 
in the light of one wavelength. 

By examining such photographs, two curious and 
as yet unexplained phenomena are noticed. The first is 
the Flocculi, which are dark particles resembling gran- 
ules, and which cover the surface of the sun. Since they 
are only visible when the sun is photographed in mono- 
chromatic light, they are probably surface clouds of 
gas, which are highly selective in their absorption, 
transmitting most of the light. 

The second curiosity is sun spots. These are the 
vast areas of black spots, many of them being hundreds 





A. C. Crommelin, Greenwich Observatory 
The Coronary Ant Eater solar prominence of May 
29, 1919. It is about'350,000 miles long. 


of times larger than the earth. They are not really 
black; they only seem so in contrast to the surrounding 
surface. Mor tn heat measurements show that 
they are about 4000° C., two thousand degrees cooler 
than the normal surface. They usually appear in pairs 
and exhibit Zeeman effects, showing plane polarized 
light when viewed normally, and circular polarization 
when viewed radially. Since magnetic effects on earth 
such as magnetic storms, compass variations, static, 
and the Aurora Borealis all vary with varying sun spot 
intensity, it seems logical that they are areas of intense 
magnification, somewhat analogous to magnetic storm 
areas on earth. 

As the rocket journeys on, we notice that sun spots 
travel across the sun’s surface, and that spots in a 
particular latitude move with the same speed, while 
spots in different latitude travel with quite different 

(Continued on page 302) 
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THE NINTH IN A SERIES OF MONTHLY BRAINBUSTERS 
THIS MONTH: Two new ones—one elementary and one advanced ... 











Problem 1: Given the following problem in multi- 
plication, where a, b, c, x, y, and z are six different 
digits: 

abcxyz 


6 


xyzabe 


find the digits a, b, c, x, y, and z. 


Problem 2: One morning it starts snowing. At noon, 
some public spirited soul gets out the snow plow and 


begins to clear the roads. The plow being mathemati- 
cally minded, it runs at a speed inversely proportional 
to the depth of the snow. During the first hour, the 
plow goes two miles, but because of the increased depth 
of the snow, it only manages to go one mile between 
one and two that afternoon — the second hour. Assum- 
ing that the snow has been falling at a constant rate, 
pet time did it start snowing? — Courtesy of Warren S. 
Loud. 

Editor’s note: This problem requires a certain knowl- 
edge of the elementary calculus. J. W. W. 


(Answers next month. Answers to last month’s problems are on page 306) 
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Pessimists insist that there is no further 
opportunity extant in the world for anyone, 
especially engineers. Naturally, we all disagree 
or we would not be studying engineering. How- 
ever, it might be useful to point out just how 
tremendous the opportunities are. 

The world is in the final stages of industrial 
revolution. Countries which up to the third 
decade of the century had been undeveloped or 
else exploited by more industrialized nations, 
have become interested in their industrial prog- 
ress. Witness the increased influx of engineering 
students from foreign countries. Note that 
they are, for the most part, studying civil engi- 
neering, mechanical engineering, or electrical 
engineering. The governments of those coun- 
tries which are paying for these students’ edu- 
cations certainly have no fantasies about what 
their history is going to be for the next twenty 
years. And this means that there is a field 
open for the enterprising engineer. 

Unfortunately, the countries of the world 
have carried their fervor a bit too far; they have 
become infected with the virus of economic 
nationalism: favored nations, favored peoples, 
a modern revival of mercantilism without the 
“laissez faire.” For instance, if one wants to go 
to France, he may easily obtain a passport to 
visit, but, unless there are very unusual circum- 
stances, he must also sign a paper stating that 
he will not engage in any remunerative labor 
while in the country of France. This indicates 
that France wants gold (or its virtual equiva- 
lent, the dollar) to move toward France, with- 
out being carried away again by a foreigner 
working there. Only a French engineer can 
work in France. 

The French are not alone in their method of 
selection of employees; other European nations 
exhibit similar tendencies. Americans have the 
advantage of not living in a country where re- 
building destroyed industries is the major con- 
cern of the engineer: they can look for the 
“new.” 

The United States through the Export- 
Import Bank has poured three and one-half 
billion dollars down the Chinese sewer pipe; 
breakdowns are not available, but it is likely 
that less than one billion went for food and re- 
lief. It is evident, then, that the rest has been 
used for military purposes, for civil war, for the 
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Japanese war and for the crutch under the 
Kuomintang government. Meanwhile, ruinous 
floods still occur each year in the vast valleys of 
the Yangtze, and Hwang Horrivers. It has been 
reported many times that these losses could be 
avoided to a great extent by Authority control 
in the Yangtze at least, if not in both. This 
project would dwarf the Tennessee Valle 
Authority and could provide Middle China with 
enough power for industrialization. But the 
civil war continues, and it looks as if the Ameri- 
can personnel and equipment which would be 
used will never be purchased for this purpose. 
China also has immense mineral deposits in her 
relatively unknown interior that might very 
well prove to be the world’s backlog for many 
vanishing elements. 

The “Truman doctrine” has been called 
“stained with oil.” Perhaps this is not so, but it 
nevertheless is true that American and British 
oil companies will continue their control of 
Middle Eastern oil with the aid of this policy. 
New fields are being opened in Arabia and all 
the engineers needed for oil production are in 
demand. The pay is excellent and living accom- 
modations are provided. The only drawback is 
that you must sign with the oil firm for a long 
time, from five to seven years. 

And so it goes all over the world, in South 
America, in the Indies, in Central America, in 
Africa, and Asia. And, it would seem that if 
opportunities exist elsewhere, then the trade 
and business that these openings exist because 
of and through, must necessarily produce ex- 

ansion of our own economy. There is no 
‘panorama of prosperity” for the average indi- 
vidual, but gold still can fall at the feet of the 
engineer who is interested in it. If that is all 
he is interested in. Developing a country 
might, though, give an engineer a sense of 
accomplishment and pride such as he rarely 
gets from more prosaic occupations. 


* * * 


M.I. T. has established a Committee on 
Education to study the lack of cultural latitude 
in an engineer’s training and to determine what 
can be done about it at Technology. Let us 
hope they come up with a progressive, inter- 
esting solution. 

E. M. K. 
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BROWN & SHARPE MFG. CO. 
Providence 1, R. I. 
No. 000 VAPOR PRESSURE APPARATUS 
PLAIN 

MILLING A similar situation exists in the newly developed 
MACHINE process of rapid cooking, and this type of work is one 


Details “g of the applications of physics to food technology. An 

esti electronic device has recently been invented which is 

BS capable of cooking foods in as little as sixty seconds. 

This invention might revolutionize cooking and bak- 

ing; if, as seems likely, it is found that this quick cook- 

ing retains more of the vitamins and natural flavor of 

the food than the old-fashioned type of cooking, and 

BROW INI & SHAR PIE it can be made available at a reasonable cost, the elec- 

tronic stove will probably come into common usage 

before long. Another application of physics is the pes 

of the effects of sonic es on food, a subject about 
which very little is known at the present time. 

In the field of dehydration of foods much work is 

being done. We often speak in jest of the time when 


FOOD TECHNOLOGY all of our eating will be done by means of capsules and 
(Continued from page 282) (Continued on page 294) 


processes as rapid cooking, dehydra- A photograph of a portion of the food technology dehydration 
art “eg seg od: ied ace research laboratories. In the foreground is the vacuum chainomatic 
€ irozen food industry 18 @ balance. Against the wall are long tubes used to measure the vapor 
comparatively new one, with exten- 
pressures of dehydrated foods Food Technology Department 





sive opportunities for all kinds of 
work. It is of vital importance in § 
this industry to know what happens 
to the flavor and nutritive value of 
foods first when they are frozen, and 
then when they are thawed. The | 
methods of food technology are well © 
suited to this type of work, and con- |) 
siderable research on refrigeration | 
and frozen foods is being conducted ~ 
in the laboratories of the department. fF 
A recent innovation in the tech- § 
nique of freezing foods is the process 
of freezing an entire meal together 
on a plate. All the consumer on to 
do is put the plate on the stove for a 
few minutes, and he has his whole 
meal in front of him, ready to eat. 
This process could be of particular 
value to the airlines, where space is 
at a premium, and in fact the process 
is already being tried out by some 
airlines. Of course, the effects of 
such a process on the flavor of the 
food must be evaluated if the process 
is to become successful. a 








290 THE TECH ENGINEERING NEWS 











J 


y 


Vie Me ome) bbaatestaved 


ERE’S a new kind of pipe. It carries 
microwaves. It began to take shape in 
college. 

A student was experimenting with the 
transmission of very short radio waves over 
wires immersed in a trough of water. The 
waves travelled along the wires as expected, 
but then he discovered a second set of waves 
in the trough—a set dependent not on the 
wires, but guided by the trough itself. 

Several years later this student, then a 
scientist at the Bell Telephone Laboratories, 
became interested in the transmission of 
microwaves. He recalled his college experi- 
ment. Could a metal sheath be substituted 
for the trough? Would such a pipe line carry 
high frequency radio waves with greater 
efficiency than an ordinary line? 


There’s Opportunity and Adventure in Telephony 


APRIL, 1947 

















It could and it would: but the wave lengths 
available required pipe lines that were 
too bulky to be practical. Electron tubes 
were soon developed which generated shorter 
waves ... waves which made it possible to 
use pipe lines of smaller, more manageable 
size. These pipe lines, known as wave- 
guides, proved indispensable to radar in war. 
Now, with the invention of accessories to 
serve as coils and capacitors of wire circuits, 
waveguides are becoming an even more 
important part of our radio telephone and 
television systems. 


Such men as this young scientist whose 
keen minds can recall early observations and 
apply them intelligently to new problems 
will find telephony a fascinating and a re- 


warding career. 
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Soda Ash 

Caustic Soda 
Liquid Chlorine 
Calcium Chloride 
Sodium Bicarbonate 
Modified Sodas 
Caustic Ash 


P hosflake* (bottle washer) 


Soda Briquettes* (iron desulphurizer) 


Silene EF * (hydrated calcium silicate) 
P. ittchlor* (calcium hypochlorite) 


*Trade Marks Reg. U. S. Pat. Off. 


Manufactured solely by Columbia, Cal- 
cene T is a finely divided precipitated 
calcium carbonate. A rubber pigment of 
wide utility, Calcene T disperses readily 
in rubber compounds to confer high 
tensile strength, resistance to tear and 
abrasion, low modulus, smooth, fast 
extrusion and good processing properties 
A technician cures samples of rubber con- to natural and synthetic stocks. It is 


taining Calcene T in one of the continuing d baste 3 h Li ,% 
research projects conducted in the Columbia used reguiafly in the making of inner 


Rubber Laboratory, Barberton, Ohio. tubes, tire carcasses, footwear » insu- 
lated wire stocks, and miscellaneous me- 


chanical goods. 


COLUMBI 


PITTSBURGH PLATE GLASS COMPANY + COLUMBIA CHEMICAL DIVISION 
FIFTH AVENUE at BELLEFIELD © PITTSBURGH 13, PENNSYLVANIA 


Chicago * Boston + St.Louis * Pittsburgh * New York ° Cincinnati * Cleveland ° Philadelphia * Minneapolis * Charlotte * San Francisco 
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CAMBRIDGE 





RESEARCH 
MODEL 






INDUSTRIAL 
MODEL 





LABORATORY 
MODEL 


line-operated — accurate! 





The three models illustrated above incorporate many new and 
important advantages. All are AC line-operated .. . no battery 
nuisance. Laboratory and Research models use electron-ray tube for 
precise null-point indication. Industrial model is a direct-reading 
instrument, ruggedly built for plant use. 


Accuracy: Research .02 pH, Laboratory .05 pH, Industrial .10 pH. Other 
line-operated Cambridge pH equipment includes single- and multi- 
point indicators and recorders. Send for bulletin 910-MR. 


CAMBRIDGE INSTRUMENT COMPANY, INC. 
3756 Grand Central Terminal, New York 17, N. Y. 
Pioneer Manufacturers of 


PRECISION INSTRUMENTS 
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And for good reasons: Thermoid is 
geared to meet the day to day prob- 
lems of the users of its products. By 
limiting itself to a restricted number 
of items, related in manufacture and 
’ use, Thermoid is able to keep abreast 
of difficulties encountered in the field 
and thus constantly maintain top 
quality. 


The Thermoid line is a quality line. 
Remember Thermoid for BRAKE 
LININGS, FAN BELTS, CLUTCH 
FACINGS and RADIATOR HOSE. 
Remember, too, that Thermoid makes 
a complete line of belting, brake lin- 
ings and hose for industrial 
and oil field use. 


Inermoid 


| PPereke felon a_ 


INDUSTRIAL 
+ TEXTILE 


Write us if catalogs on any of 
these lines would be useful to 
you in your engineering studies. 


AUTOMOTIVE + 
OIL FIELD 


THERMOIO COMPANY, TRENTON, N. J, U.S.A 





FOOD TECHNOLOGY 
(Continued from page 290) 


powders, but this idea is not so far-fetched as it may 
seem, for more and more foods are being subjected to 
dehydration. Among the most recent of these are fruit 
juices. It has been found that orange juice can be 
reduced to a powder; if this can be done without losing 
the Vitamin C, its chief nutritive constituent, then its 
dehydration will become practical. Otherwise, of course, 
there would be no value to the process. Similarly, the 
production of dried foods depends on whether the nutri- 
tive elements can be retained. The entire field of dehy- 
dration received its greatest stimulus as a result of the 
recent war, during which the armed forces were vitally 
interested in obtaining dehydrated foods of all varieties. 

Another field to which many food technologists 
apply themselves is the actual cultivation of food. 
Different methods of planting, fertilizing, and cultivat- 
ing food are studied in detail for their effects on the 
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maturity, flavor, and tenderness of food. The effect of 
climate on the quality of crops is carefully studied, and 
in fact the whole idea of scientific farming is connected 
with food technology. Many food technologists do 
work on milk and dairy products, testing the effects of 
different diets supplied to the cows, and constantly try- 
ing to improve the quality of milk and dairy products. 
Here again a thorough knowledge of biology is essential. 

The purification and safeguarding of food products 
is also a field in which many food technologists are 
employed. The question of how foods spoil, what is 
responsible for spoilage, and what can be done to 
combat it, is important in almost every phase of the 
food industry. The manner in which bacteria and molds 
attack foods is studied in minute detail, the practica- 
bility of such methods as x-rays and chemical deter- 
gents for use in fighting bacteria are being investigated. 

(Continued on page 296) 
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FM Radio—another world 


in listening pleasure! 


It’s as though the orchestra were right 
in the room with you—and the room 
suspended in the silence of space. When 
you listen to music over RCA Victor 
FM, you hear FM at its finest. 


Natural static interference ordinarily 
caused by thunderstorms does not mar 
FM radio reception. You are in a differ- 
ent, new world of utter quiet where you 
hear only the lifelike music. Moreover, 
you enjoy the same perfect reception 
day or night. 

The vast experience, research and 
skills at RCA Laboratories, such as 
aided in the development of RCA Victor 
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FM, are constantly applied to all RCA 
products, so that each one is always at 
the top of its field. 


And when you buy anything bearing 
the RCA or RCA Victor name— whether 
it’s a radio (standard, or FM, or both), 
a television receiver, Victrola radio- 
phonograph, a phonograph record or a 
radio tube, you know you are getting 
one of the finest of its kind that science 
has yet achieved. 


Radio Corporation of America, RCA Building, 
Radio City, New York 20 . . . Listen to The 
RCA Victor Show, Sundays, 2:00 P.M., East- 
ern Time, over NBC. “Victrola” 1.M. Reg. U. S. Pat. Off. 


Frequency-Modulation radio reception is virtually free from natural static—even thunderstorms do not interrupt. 


Continue your education 
with pay—at RCA 


Graduate Electrical Engineers: 
RCA Victor—one of the world’s 
foremost manufacturers of radio 
and electronic products — offers you 
opportunity to gain valuable, well- 
rounded training and experience 
at a good salary with opportunities 
for advancement. Here are only 
five of the many projects which 
offer unusual promise: 


® Development and design of radio 
receivers (including broadcast, 
short wave and FM circuits, televi- 
sion, phonograph combinations). 
@ Advanced development and de- 
sign of AM and FM broadcast 
transmitters, R-F induction heat- 
ing, mobile communications equip- 
ment, relay systems. 

® Design of component parts: such 
as coils, loudspeakers, capacitors. 
®@ Development and design of new 
recordingand reproducing methods. 
® Design of receiving, power, gas, 
cathode ray and photo tubes. 
Write today to National Recruiting 
Div., RCA Victor. Camdan, N. J. 





RADIO CORPORATION of AMERICA 
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e@ The strip insulating process insures perfectly- 
centered conductors in all Okonite wires and cables. 
The Okonite Company, Passaic, New Jersey. 
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insulated wires and cables 
for every electrical use 





FOOD TECHNOLOGY 
(Continued from page 294) 


It is in such fields as electronic sterilization that the 
advantage of a broad scientific background becomes 
evident. Being acquainted with the electronic side of 
the problem as well as the bacteriological side, a grad- 
uate in Food Technology has a much better overall 
picture of the problem than an ordinary bacteriologist 
or the electronics man who works on the apparatus 
itself. In other words, the food technologist is a sort 
of link between the various sciences in their application 
to food. 

Thus far we have spoken mainly of the chemical and 
biological side of food technology, and in particular of 
the research work involved. There exists also an engi- 
neering side to the field, which probably employs more 
men than the other. After all, for every man working 
on research, there must be many engaged in testing in 
actual practice the discoveries made in the laboratory, 
and in working out the technical questions involved. 
Many men are employed in the technical aspects of 
food production, manufacture, storage, and distribu- 
tion. Many also go into business and executive posi- 
tions with food companies, after having begun as 
technologists. 

(Continued on page 300) 


The three types of vacuum measuring devices 
used at the Food Technology laboratories. The 
box contains an ionization-type gauge. On the 
left is a pyrex direct reading gauge, and on the 
right is a McLeod gauge, graduated to a 
millimicron Food Technology Department 
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your drawing board. Ask 
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THE INTERNATIONAL STANDARD OF EXCELLENCE SINCE 1880 
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Tests Show Bigger Yield with Dow 9-B Seed Protectant 


One of the chief concerns of Dow is to develop chemicals that 
protect and increase America’s crops. Recently introduced by our 
Agricultural Division is Dow 9-B Seed Protectant. This product is 
used to disinfect cottonseed carrying seed-borne diseases and 
protect the seed and new seedlings against attacks from soil-borne 
bacteria and fungi. Tests of this material indicate bigger yields 
with less seed per acre. 

Technicians and students especially attracted to agricultural 
chemistry will find much to interest them in this division of Dow 
where research is a continuous activity. 


Industrial Chemicals ¢ Agricultural Chemicals 
Pharmaceutical Chemicals © Magnesium °¢ Plastics 


SOth Annivouary 1897 1997 


THE DOW CHEMICAL COMPANY e MIDLAND, MICHIGAN 
New York ¢ Boston e¢ Philadelphia «¢ Washington e Cleveland 
Detroit «¢ Chicago e St.Louis e Houston e San Francisco 
Los Angeles e Seattle 
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CHEMICAL COMMENTS 


Sprout Stopper 


Ambitious potatoes don’t like to stop 
sprouting, even when sprouting means 
loss of weight, food value and market- 
ability. Chemists at Dow have produced 
a sprout inhibitor that really says Stop! 
Its use also means that potato storehouses 
can be kept warmer . . . potato sugar con- 
tent stays lower . . . potato chips keep 
their blond complexions, sell better. It 
works equally well with carrots, turnips 
and other root crops. (Naturally, it’s not 
recommended for seed potatoes.) 


Plastic Insulation 
That's Lighter-than-Cork 


Take a plastic—to be specific, take Dow 
polystyrene—air-expand it until it honey- 
combs into a rigid material that is even 
lighter than cork—and you have Styro- 
foam. It’s winning new laurels in the low 
temperature insulation field because of its 
high efficiency, extremely light weight, 
good strength and excellent stability. This 
is the same Styrofoam used to advantage 
in boats and canoes, life rafts, beach toys 
and novelties. It floats, and stays afloat, 
because its millions of tiny air cells are 
individually sealed. 


Caustic Comment: Did you know that caustic 
soda—one of man’s most widely used and sorely 
needed chemicals—is the pickling ingredient that 
takes the bitterness out of green olives? 


New Washable Plastic Paints 


The wearable, washable characteristics of 
plastics are now given to new plastic 
paints. A tough protective film is formed 
by plastic particles that bond themselves 
together. The paint, made possible by a 
new product called Saran F-122 Latex, 
dries extremely fast into a long-enduring 
glossy finish. These paints may be applied 
with either brush or spray to wood, fibre- 
board, metal or masonry. 


Whiffs and Puffs 


Many a favored brand of pipe tobacco is 
being forsaken for the new tobacco mix- 
tures with a tantalizing blend of maple- 
licorice plus a definite suggestion of wal- 
nut. Secret of the new flavor fillip is the 
Dow aromatic specialty, Cyclotene . . . 
one of many man-made aromatics bringing 
forth new scents and tastes in soaps, cos- 
metics, flavors and perfumes. 


Further information on any of these chemical 
developments is available on request. 
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WHAT DO YOU SEE IN 





This message originally appeared in the Trenton (New Jersey) Times Advertiser. 





RENTON BY ORIGIN is a crossroads—a community of people drawn together from 
the four corners of the earth by any one of a number of attractions. 


Being a part of this growing neighborhood is a responsibility, for its interests are your 
interests— its friends, your friends— its enemies, your enemies. 


There was a time when cities like Trenton were protected against attack by great walls 
and strong gates. Today’s assailants cannot be kept out by such primitive methods. 
They come into our midst like invisible Trojan horses, and their only weapons are 
theories and glib tongues. 


Disguised as friends, they reveal themselves only after they have assembled enough 
followers to attack from within; when it is too late for us to do anything about it. 


Their methods are simple: They work with us, agree with our ideals, and sympathize 
with our troubles. When they have won our confidence, when they have succeeded in 
getting themselves appointed to committees, and elected to offices...they turn upon us. 
Like the amiable tourists, who suddenly donned enemy uniforms, during the last war, 
they attack when we least expect it...when we are helpless against them. They usually 
begin by labeling our time-tried leaders with names which insure their downfall— but 
which describe the intruders best—and having succeeded in ousting our leaders, they 
take over. 


Is it too late to do what stone walls and strong gates could not do? Do we want these 
dangerous men in our country, in our clubs, in our unions, in our businesses and in 
our government? 


Let the man who wants to hold office identify himself. Let the man who wants to live 
with us and work with us, reveal his purpose. Let the man who wants to have a voice 
in our affairs, disclose his ambitions and ideals. 


It is our duty to know our neighbors. We only can trust them when we do. “Good 
fences make good neighbors” and good neighbors make good cities—good governments 
— good unions— good businesses — good citizens 


JOHN A. ROEBLING’S SONS COMPANY 


TRENTON 2, NEW JERSEY 


Monufacturers of Wire Rope and Strand ° Fittings * Slings * Aircord, Aircord Terminals and Air Controls * Suspension Bridges and Cables « Aerial Wire Rope Systems 
Electrical Wire and Cable * Hard, Annealed or Tempered High and Low Carbon Fine and Specialty Wire, Flat Wire, Cold Rolled Strip and Cold Rolled Spring Steel 


Ski Lifts * Screen, Hardware and Industrial Wire Cloth « Lawn Mowers 
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You saw us today...did you know us? 


When you met the train....at the railroad station 


or took sulfa pills . .....0r played billiards ...... 


you saw a Koppers product in use. 


KO fr © e k & 1. American Hammered locomotive packing rings. 2. Roofing 
and waterproofing materials. 3. Pressure-treated highway guard 


posts. 4. Fast’s self-aligning couplings. 5. Plants for manufacture of 

coke. 6. Koppers HEX or Mothballs. 7. Chemicals for drugs and 
medicines. 8. Ingredients for plastics. Koppers makes all these 
products ...and many others which serve you every day. That’s why we 
call the Koppers trade-mark the symbol of a many-sided service. Wherever 
you see it, it means quality. Koppers Company, Inc., Pittsburgh 19, Pa. 
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The National Hotel at Havana 


anthony ental Refrigeration ELECTRICAL 


Performs half a dozen indispen- 
sable services — conditioning air, 
cooling drinking water, dispensing 
” beverages, freezing ice, making ice 
¥ cream, quick-freezing foods, and 
Main Dining Room at the Royal holding desired temperatures in any 
Iiawatian Hotel, Honolulu. number of rooms and boxes—for 



















meats, fish, poultry, dairy products, 
fruits, vegetables, frozen foods, 
candy, flowers, etc. Write for litera- 





WIRING SYSTEMS AND FITTINGS 
FOR EVERY CONCEIVABLE 












ture. 


REQUIREMENT 
The Frick Graduate Training Course e e 
in Refrigeration and Air Conditioning, ¢t | 
now in its 30th year, is approved re 19 ip kel @ af a | a 
under the G.I, Bill of Rights, ermrogoucTs <ceveaeroemaTiIon 
Box 897 — Pittsburgh 30, Pa. 
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FOOD TECHNOLOGY 
(Continued from page 296) 


The packaging of food materials is a field in which 
the engineering side of food technology is emphasized. 
The proper packaging of food is an important problem, 
and new substances, especially plastics, are being em- 
ployed as wrappers. The object is to obtain packaging 
materials which will protect the food against spoilage, 
and allow as few of the nutrients and vitamins as 
possible to escape. 

Most of the main points of the field open to food 
technologists have been mentioned. It is interesting to 
note that, of the fifty thousand-odd food industries in 
the United States, only about five thousand employ 
technical men. The remaining companies, mostly 
smaller enterprises, could benefit from the growing 
science of food technology by pooling resources and 
engaging in research, development, and engineering. 
The whole field is a wide-open one, but the answers to 
its questions will provide mankind with a better dinner 
table — and a safer one. 
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Next Month: 


The Story of 
R.M.S. *‘Queen Elizabeth’”’ 


Be sure and get your copy! 
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« ., Ignorance is the curse of God, knowledge the wing wherewith we fly to heaven.’ 
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Why some things get better all the time 


Hoop SKIRTS AND PRINCE ALBERTS are only fond memo- 
ries now. Far smarter the styles of today . . . and equally 
striking are the constant improvements in the quality of 


clothing. 


There now are beautiful synthetic fabrics, in stunning 
variety—all made possible by chemistry. And woolens, cot- 
tons and other fabrics are processed and dyed more effec- 
tively—thanks to special new chemicals, and equipment of 
stainless steel. There are eye-catching hat decorations, 
smartly styled footwear, buttons, belts and suspenders of 
colorful long-life plastics. And rainwear of vinyl plastics 
provides new comfort and protection in stormy weather. 


Clothing for just about any occasion is today more at- 
tractive and more serviceable than ever before... because 
it is made of things that are basically better. 


Producing better basic materials for the use of science 
and industry and the benefit of mankind is the work of 
UNION CARBIDE. 

Basic knowledge and persistent research are required, 
particularly in the fields of science and engineering. Work- 
ing with extremes of heat and cold—frequently as high as 
6000° or as low as 300° below zero, Fahrenheit—and with 
vacuums and great pressures, Units of UCC now separate 
or combine nearly one-half of the many elements of the 


earth. 


Uniton CarRBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET []]q@@ NEW YORK 17, N. ¥. 


Products of Divisions and Units include 


LINDE OXYGEN « PREsT-O-LITE ACETYLENE * PYROFAX GAS ° 


BAKELITE, KRENE, VINYON, AND VINYLITE PLASTICS 


ACHESON ELECTRODES * EVEREADY FLASHLIGHTS AND BATTERIES * NATIONAL CARBONS 


PRESTONE AND TREK ANTI-FREEZES ¢ ELECTROMET ALLOYS AND METALS * HAYNES STELLITE ALLOYS * 


SYNTHETIC ORGANIC CHEMICALS 


— SHAKESPEARE 








all points. 


Here's how one manufac- 
turer did it. 


and their application. 
A copy is yours for 
the asking. 

Write today. 





Reg. U. 8. Pat. Off. 
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THE S. S. WHITE DENTAL MFG. CO. 


SERIES 


PROBLEM — You are designing a machine for doing finishing 
operations on the production line, such as grinding, polish- 
ing, buffing, etc. Your problem is to provide a drive that 
permits the grinding or polishing wheel to be moved around 
freely while it is running. How would you do it? 


THE SIMPLE SOLUTION —Use an S.S.White power drive flex- 
ible shaft to transmit rotary power from a suspended or 
pedestal-mounted electric motor to the handpiece which 
holds the finishing wheel. This gives you a portable unit 
that permits the wheel to be readily manipulated to reach 


* * 


This is just one of hundreds of power drive and remote control 
problems to which S.S.White flexible 
shafts are the simple answer. That's 
why every engineer should be familiar 
with the range and scope of these 
useful ‘‘Metal Muscles'’ * for mechani- 
cal bodies. 


WRITE FOR BULLETIN 4501 


It gives essential facts 
and engineering data 


' SSithi 


about flexible shafts FLEXIBLE 


— SHAFTS 
z 


% Trademark 


and elsewhere 


INDUSTRIAL resin 


DEPT. C, 10 EAST 40th ST., NEW YORK 06, N. Vow 
PLENOGLE SHASTS © GLEXIGLE SHAFT VOOLS © AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS ¢ SPECIAL FORMULA RUBBERS 
MOLDED MESEEIONS © PLASTC WECIALTEES © CONTRAC! PLASTICS MOLDING 


Oue of Americas AAAA Tadustrial Enterprises 





THE GREATER LIGHT 
(Continued from page 285) 
speeds. If we photograph the sun 
continuously, we can notice that the 
spots travel across the surface from 
east to west, then disappear for 
about the same length of time that 
they took to cross it, and then reap- 
pear on the eastern limb. It seems 
obvious then, that the sun is rotat- 
ing about an axis, and that all parts 
of it are not moving at the same 
speed. Thus we know that the sun 
is a ball of gas, rotating with a cal- 
culated period of 24.6 days at the 
equator, and 33.6 days at latitude 
+80°. There is another unexplained 
phenomenon concerning sun spots. 
It is that they all experience a cycle 
of approximately 11.2 years from 
maximum intensity to minimum, 
and back to maximum. No one 
knows why this is so. These cycles 
have so stirred the imaginations of 
scientists, however, that they have 
seriously attempted to correlate 
them to everything from financial 
crises to the quality of fur bearing 

animals. 

By this time the rocket is ap- 
proaching the surface of the sun. 
Precautions have to be taken to 
protect it from 6000° temperature of 
the surface and from a gravity of 
27.6 g. Offhand, I can think of no 
suitable protection, but let it pass. 

The first layer of the sun that 
we shall hit is the ethereal and ex- 
quisitely beautiful corona, visible 
from the earth only during a natural 
or artificial eclipse. It is a pearly 
white layer of gas some 300,000 
miles deep. We know that it is ex- 
tremely tenuous, since we, like the 
comet of 1882, can pass through it 
without the slightest deviation from 
our course. A spectral analysis of 
coronal light shows that it is partly 
incandescent, but mostly reflected 
from the sun’s interior. Out from 
the corona we can see pulsating 
streamers which are believed to be 
caused by sun spot activity. 

Next is the chromosphere. It is 
a colored layer of light gases, mainly 
hydrogen and helium, the latter of 
which, by the way, was known to 
exist on the sun long before it was 
discovered on earth. Spouting out 
from the chromosphere are some of 
the most fantastic spectacles in 
nature — solar prominences. They 
are monstrous sheets of superheated 
hydrogen and calcium gases. Some 
of them stretch out for 5,000,000 
miles, continually twisting and jump- 
ing about at speeds over 12,000 
miles a minute. 

To pass to the next layer is more 
difficult, for we are approaching the 
(Continued on page 308) 
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POGO STICKS 


Lots of people like to play jack rabbit. Still, as a way of 
going to work every morning, we don’t see much of a 
future for Pogo Sticks. Not even aluminum Pogo Sticks. 

But mention any other means of locomotion or trans- 
portation and our aluminum “Imagineers” get a gleam 
in their eyes. After all, what is more logical than 
vehicles made of aluminum? Less weight to move. 
More payload. 

We turned our imagination loose on that idea years 
ago... then engineered our thinking into trains, trucks, 
planes, ships. Alcoa’s Development Division has a staff 
of “Imagineers” who think of nothing else but better 





Alcoa Aluminum is finding more 
and more uses in buses, trucks 
and trailers. Yes, in passenger 
car manufacture, too. 


Passenger streamliners, refriger- 
ator cars, hopper cars and tank 
cars built of Alcoa Aluminum are 
serving American railroads. 
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ways to transport people, products, and materials by 
using aluminum. Actually, we have four separate staffs 
of transportation engineers, one each on railroads, high- 
way vehicles, ships and aircraft. 

Whatever you do after college, you’ll benefit from 
that. If you go into transportation, these Alcoa engi- 
neers will be working with you to cut costs, speed 
schedules, improve facilities. Or if you choose some 
field of production, theyll be helping to transport 
your materials and finished goods cheaper and faster. 
AtumMINUM Company oF AMERICA, Gulf Building, 
Pittsburgh 19, Pennsylvania. 





Ever since Kitty Hawk, Alcoa has 
worked with the aircraft indus- 
try in developing better alumi- 
num for better planes. 


Newest thing in shipbuilding is 
the aluminum superstructure, de- 
veloped by Alcoa with marine 
architects and engineers. 


in ALUMINUM 






























Architecture 


Chemistry 

Food Technology 

Food Technology — Five Year Course 
General Science 

Geology 


Aeronautical Engineering 
Building Engineering and 
Construction 
Options: Heavy Construction 
Light Construction 


Business and Engineering Administration 
Courses: Based on Physical Sciences 
Based on Chemical Sciences 


Chemical Engineering 

Chemical Engineering Practice 

Civil Engineering 

Group Electives: 

Sanitary Engineering 
Transportation Engineering 
Hydraulic Engineering 
General Engineering 

Economics and Engineering 


Options: Human Relations 
Industrial Relations 


Massachusetts Institute of Technology 
CAMBRIDGE, MASSACHUSETTS 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


offers the following Professional Courses 


SCHOOL OF ARCHITECTURE AND PLANNING 
SCHOOL OF SCIENCE 


SCHOOL OF ENGINEERING 
























City Planning 


Mathematics 
Options: Pure and Applied Mathematics 
Industrial Statistics 
Physical Biology 
Physics 
Quantitative Biology 


Electrical Engineering 
Options: Electric Power 
Illumination Engineering 
Electrical Communications 
Electronic Applications 





Electrical Engineering 
Co-operative Course s 
General Engineering 
Marine Transportation . 
Mechanical Engineering ‘ 
Options: General Mechanical 
Engineering } 
Engineering Science 
Automotive Engineering 
Mechanical Engineering- 
Co-operative Course 
Metallurgy 
Options: Metallurgy 
Mineral Dressing 
Meteorology 


Naval Architecture 
and Marine Engineering 















The duration of each of the above undergraduate Courses is four academic years, 
with the exception of Architecture, Food Technology (Five Year Course), Physical 
Biology, and the Co-operative Courses in Electrical Engineering and in Mechanical 
Engineering, which extend over a period of five years. In addition to the Bachelor's 
degree, the above five year courses, with the exception of Architecture, lead also to the 
Master's degree. 

Graduate study, leading to the Master’s and Doctor's degrees, is offered in 
Ceramics and in most of the above professional Courses. 

A five year Course is offered which combines study in Engineering or Science, 
and Economics. This leads to the degree of Bachelor of Science in the professional field, 
and to the degree of Master of Science in Economics and Engineering or Economics and 
Natural Science. 

For information about admission, communicate with the Director of Admissions. 

The Catalogue for the academic year will be sent free on request. 
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Flexible GAS Speeds 


RCA TELEVISION 






Tube Production 


Direct Gas-flame anneal- 

ing of 100-KW transmit- 

ting tube which is ro- 
tated during process. 


RCA Television Repro- 
ducing Tubes leavin 
continuous Gas-fire 
radiant tube lehr for an- 
nealing. 
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Shaped Gas-flames at 
controlled temperatures 
are directed to exact areas 
of the tube stem as it is 
formed, on indexing-head 
press, to hold the tube 


N the manufacture of television transmitting and 
elements. 


receiving tubes the productive flames of GAS 
demonstrate the full scope of their flexibility and 
controllability. 


Production engineers and equipment designers at 
RCA tube plant in Lancaster, Pennsylvania, have 
utilized GAS as a production-line tool throughout 
the vast, modern plant devoted to electron tube 
manufacturing. 


With shaped-flames, radiant-ube lehrs, direct- AAWEPICAN GAS ASSOCIATION 


annealing flames—with a wide range of accurately ‘ 
: EX WwW RK 17, N. Y. 
controlled temperatures—with burners of all types oe 


assembled as integral elements of continuous 
process machinery, RCA productioneers have taken 
full advantage of the universal adaptability of GAS 
and modern Gas Burning Equipment. 


TR EE a TS ST SS 


GAS and modern Gas Equipment are making major 
contributions to increased production in heating 
J and heat treating operations throughout industry. 
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Answers to last month’s 

































































(360,000—1) we can factor it 


are 601 and 599. Easy? 


up the expression 
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with A.R.C. Engineered Units 


GOOD DESIGN TAKES TIME 


Over four years of development lies 
behind current production of the 
tunable VHF Receiver, heart of the 
Type 17 and other A.R.C. multi-chan- 
nel VHF Systems. This is your assur- 
ance of dependable performance. 


The Practical Approach to... 










Navigation System can be assembled 





petextgxt Bax. 


Oe an You i) oO - {2 Solving. we find that Demochares is sixty years old. 


Problem 3: If there were twelve ladies in all, there 


Problem 1: If we think of the number 359,999 as ould be 132 kisses among the ladies alone, leaving 


easily into the expressions ~— twelve more to be exchanged with the curate — six to 


(600—1) and (600+1). Thus the factors of 359,999 5, given by him and six to be received. Therefore of 


the twelve ladies, six would be his sisters. Consequently, 
if twelve could do the work in four and a half months, 


Problem 2: This one can easily be solved by setting six ladies would do it in nine months. — Canterbury 


Puzzles. 





WMIT—THE BEAVER 
NETWORK 


(Continued from page 284) 


of R.F. are fed into it at the trans- 
mitter at between one and two 
watts; this line is then connected to 
the power feeder in the dormitories 
as shown in Figure 4. Despite this 
relatively low power, reception in 
both the New and Old Dorms is 
good. 

The fact that such low power 
may be used is due to the method of 
coupling which makes the power 
lines in that section of the dormi- 








T-11A VHF Transmitter tories act somewhat like an antenna. 
Hee C-15 Control Unt | Exactly how this takes place is 

A-12 Antenna Unit rather difficult to see: the R.F. cir- 

: cuit perhaps looks similar to the 

Your Complete VHF Communication and sketch shown in Figure S feat 


radiator this line is not at all effi- 
cient, but it works quite well. 
There are several advantages to 
this system of coupling over the 
direct coupled system as used in the 
Senior House. First of all the signal 
strength is higher for a given amount 
of power, and second the 60-cycle 
The A.R.C. Type 17 System hum in radio receivers is noticeably 
illustrated can be installed now less when this method is used. 
to obtain the immediate advan- The problem of hum due to 
tages of VHF. To this system | transmission line conditions is pres- 
can be added, when operational | ent regardless of the method by 
requirements demand it, such equipment as the VHF which the R.F. signal is coupled to 
Omni-Directional Range Receiver (with provision for the power line. The causes of this 
Localizer and Two-Course Visual Aural Range opeta- ocuin nae thought to he mainiv due to 
tion), extra LF Range Receivers and VHF Transmitter th ‘ati pF grendBs 
Units as required to cover necessary frequencies. This © Variation o: e A.2 . impedance 
of the power line at a 60-cycle rate. 


method of Unit, Assembly was pioneered by A.R.C., . t 
and provides a flexible installation, quickly removable This would be caused by the heating 


for maintenance and adaptable to individual opera- and resultant non-linear impedance 
tional needs. of incandescent lamps, etc. 
With VHF communication and navigation facilities Hum is to a great extent un- 


increasing throughout the country, now is the time to avoidable and may be best reduced 
plan for VHF in your aircraft. For full information, by increasing the R.F. signal 
write: strength wherever possible. For 
this reason WMIT is installing 
transmission lines upon which high 
R.F. voltages may be impressed. 
These lines will connect the trans- 
mitter in the Senior House to the 
Graduate House and the Building 
22 “Plywood Palace,” with a pos- 
sible extension to Westgate. 
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HIGH DIELECTRIC 
STRENGTH 


Low MOISTURE ABSORPTION 


CORROSION RESISTANCE 





SYNTHANE TECHNICAL PLASTICS * DESIGN © MATERIALS * FABRICATION » SHEETS © RODS © TUBES © FABRICATED PARTS © MOLDED-MACERATED © MOLDED LAMINATED 
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where plastics belong 
for resistance to wear and moisture 





Synthane where Synuthane belongs 


ERE’S Synthane (our type of laminated plastics) at ‘work 
H in the water pump of a popular car, where resistance to 
wear and moisture are important. 

This seal washer is lapped to fit precisely, seals watertight 
without packing, resists—mile after mile—the inroads of en- 
gine cooling water. It’s an appropriate job for moisture-resistant 
Synthane, a good example of using plastics where plastics be- 
long. Synthane has many other unusual mechanical, electrical, 
physical and chemical properties. It is light (4 the weight of 
aluminum), dense, strong, resists heat, impact, corrosion, is a 
good electrical insulator, and easily machined. It is a practicable 
material for a limitless number of applications. Synthane Cor- 
poration (Key Address) Oaks, Pennsylvania. 


SYNTRANE 
















ABRASIVES 
REFRACTORIES 
LABELING MACHINES 


NORTON Meets Every 
GRINDING WHEEL Demand 
of Industry 


RINDING has a part in produc- 

ing almost every object with 
which you come in contact through- 
out the whole day—from the alarm 
clock that wakes you in the morning 
to the typewriter on which you tap 
out that lab report at midnight. 


And Norton has a wheel for 
every grinding job. They range 
from the gigantic ten-ton pulpstones 
that grind wood into pulp for your 
newspaper to the tiny wheels used 
by makers of delicate instruments 
for the laboratory. 


There are wheels of ALUNDUM 
abrasive (aluminum oxide) for grind- 
ing steels, wheels of CRYSTOLON 
abrasive (silicon carbide) for the non- 
ferrous metals and for non-metallic 
materials, and wheels of genuine 
diamonds for grinding the cemented 
carbides, glass, ceramics, stone and 
other super-hard materials. 


NORTON COMPANY, WORCESTER 6, MASS. 


POROUS MEDIUMS 


GRINDING WHEELS _ GRINDING 
NON-SLIP FLOORS 


THE LARGEST NORTON 
GRINDING WHEEL ... 
TEN-TON PULP STONE 


RESEARCH 
In the NORTON re. 


AND LAPPING MACHINES 
“ MORBIDE PRODUCTS 
BEHR-MANNING DIVISION: COATED ABRASIVES AND SHARPENING STONES 





THE GREATER LIGHT 
(Continued from page 302) 
areas of intense radiation pressure, 
exerted radially outward, which 
combat the contracting forces of gas 
pressure and gravity, and keep the 
sun from either exploding or col- 
lapsing. This area is known as the 
reversing layer. The name comes 
from the fact that spectral analysis 
of light from this layer shows two 
complete reversals from light to 
dark, in the emission bands. It is 
in this region that the majority of 

the Fraunhofer lines lie. 

The main body is called the 
photosphere. As we pass through it, 
we can see the greatest source of 
energy in our galaxy — the interior 
of a star. The closer we get to the 
center, the heavier are the ions that 
we find; for radiation pressure, 
gravity, and an interior temperature 
of over 20,000,000° C. have segre- 
gated them from the lighter gases 
and driven them to the center. As 
we get nearer, we see atoms whose 
nuclei are so large that whatever 
electrons are left to whirl around 
them come cloze to grazing the 
nuclei. Once in a while an electron 
will become attached to a super- 
heavy ionized atom, and will be 
forced to pass through the nucleus, 
setting off the fission reaction which 
produces the sun’s power. We are 
not quite sure that this is the only 
cause of radiation, for as we start 
outwards, we can observe a carbon 
cycle in operation, in which four 
hydrogen atoms of atomic weight 
1.008 combine to form one helium 
atom of atomic weight 4.004. The 
excess of .028 goes into radiation, 
producing 25x 10" ergs per gram 
of helium. 

We are leaving the sun now, 
tossing about like a cork on the vast 
waves of radiation that pour out. 
We will have a difficult time finding 
the earth again, which will be visible 
only as a tiny speck in space. Per- 
haps, when we do find it, and set 
our course on an orbit that will inter- 
cent the earth’s orbit as it whirls 
around the sun, we can take one last 
look at the star we have visited, and 
watch it hurtling through space 
towards a point between Vega and 
the great star cluster of Hercules, 
belching 240 million tons of matter 
every minute, and yet so massive 
that it is destined to live for 12 
billion years more, before it fades 
into oblivion. And on the long 
journey home, we can wonder that 
from out of this fiery monster, there 
ever came a special breed of fly 
speck, who could dream _ these 
dreams of space conquered, and 
decree the destiny and death of the 
sun itself. 
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Last month in this'space the develop- 
ment of nylon was traced from a funda- 
mental research study on linear polymers 
to the first synthetic organic fibers, the 
superpolyamides. This installment deals 
with the complex, manufacturing re- 
search problems that followed. 


From the start there were obstacles 
to the production on a commercial scale 
of the ‘66’ polymer—so named because 
the adipic acid and hexamethylenedia- 
mine from which it is made have six 
carbon atoms each. 


Although adipic acid was being pro- 
duced in Germany, it was necessary to 
develop a new process to meet conditions 
at Du Pont’s Belle,W.Va., plant, where, 
because of the catalytic technique in- 
volved, it was decided to make this 
intermediate. Hexamethylenediamine 
was only a laboratory curiosity, and a 
process for its commercial production 
had likewise to be worked out. Fortu- 
nately it was found that the diamine 
could be made from adipic acid by new 
catalytic processes. The results of these 
investigations may be summarized as 
follows: 





Carrying out experimental autoclave polymer- 
izations of condensation polymers. J. H. 
Blomquist, Ph.D. Chemistry, Ohio State Uni- 
versity "41; O. A. Bredeson, Ph.D. Chemistry, 
M. |. T. '41; J. E. Waltz, Ph.D. Chemistry, Uni- 
versity of Indiana '41. 


Research Problems 





Studying the distillation of new intermediates 
for condensation polymers: T. J. Dickerson, B. S. 
Mechanical Engineering, Virginia '43 and E. E. 
Magat, Ph.D. Organic Chemistry, M.1.T. '45. 


He 02 
CeHe —> CsH 2 — > (CH2)4(COOH)2 
Benzene Cyclohexane Adipic Acid 
+NH3 
ae H2 
-H,0 (CH2)4(CN)2 — > (CH2)6(NH2)2 
Adiponitrile Hexamethylenediamine 


(CHz)4(COOH)2 + (CH2)6(NH2)2 — >» 
Adipic Acid Hexamethylenediamine 


|HOOC(CH2)4COOH....NHz2 (CHz)g NH], 
Nylon Salt 


[....CO(CHz) 4CONH(CH2) gNH....]x 
A Nylon Polymer 


The synthesis of intermediates was 
only part of the problem. Nylon poly- 
mer was an entirely new material with 
properties different from any previous 
synthetic product. It provided the first 
example of spinning fiber from a molten 
polymer (m.p.263°C) and required en- 
tirely different techniques from rayon 
spinning. Information was acquired 
only by painstaking experimentation at 
each step. 


Manufacturing Process Outlined 


The process as finally developed for the 
manufacture of nylon and its fabrica- 
tion into yarn may be briefly outlined 
as follows: 

Nylon salt is heated in an autoclave 
with addition of stabilizers to control 


E ore facts about Du Pont—Listen to “Cavalcade of America,” Mondays, 8 P.M. EST, on NBC | 



















































molecular weight and viscosity. A long- 
chain linear polymer is formed with a 
molecular weight of 10,000 or higher. 


The melt is converted to solid chips 
that are later re-melted and extruded 
through a spinneret to form filaments 
at a speed of 2,500 feet a minute. The 
filaments are then drawn out to about 
four times their original lergth in order 
to develop the desired textile qualities 
characteristic of nylon. 


These operations sound simple 
enough, but some of the problems en- 
countered were extraordinarily difficult. 
For example, a specially designed grid 
for melting the polymer was necessary 
because of the poor thermal conductiv- 
ity of the polymer; pumps had to oper- 
ate at 285°C with only polymer as a 
lubricant; special abrasion-resistant 
steels that did not soften or warp at 
285°C were necessary; the spinning as- 
sembling required radically new engi- 
neering developments to produce the 
necessary fiber qualities. 


All of these chemical, physical and 
mechanical engineering problems had 
to be solved and dove-tailed into a uni- 
fied process before manufacture of ny- 
lon could be undertaken. In all, about 
230 technical men and eight manufac- 
turing and staff departments share the 
credit for making nylon the important 
part of American life it is today. 


Questions College Men ask 
about working with Du Pont 


WHAT ARE THE OPPORTUNITIES 
FOR ENGINEERS? 


Most openings at Du Pont are for chem- 
ical and mechanical engineers, but op- 
portunities are also available for indus- 
trial, civil, electrical, metallurgical, 
textile, petroleum and other engineers. 
Practically all types of engineering are 
required in the work of the ten manu- 
facturing departments as well as in some 
of the staff departments. Write for the 
booklet, ‘‘The Du Pont Company and 
the College Graduate.’’ 2521 Nemours 
Bldg., Wilmington 98, Delaware. 
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BETTER THINGS FOR BETTER LIVING 
oe THROUGH CHEMISTRY 






...a great name in research with a big future in CHEMISTRY 


MAKING AN ART 
A SCIENCE 


G-E Research helps to modernize 
the craft of Varnish Making 


Rembrandt and Frans Hals were pio- 
neers in the varnish industry. For it was 
the old masters of the Dutch and Flem- 
ish schools who discovered that boiled 
linseed oil, mixed with color pigments, 
provided an excellent paint vehicle. 

For nearly 400 years, linseed oil, with 
a few other materials (like rosin, metal 
salts of rosin, tung oil, and asphalt), 
remained the basis of the paint and 
varnish maker's formulations. 

Then came many technical advances. 


New and remarkable synthetic materials 
began to replace time-honored formulas. 
And a leader in the research which was 
to change an ancient art to a modern 
science was General Electric. 


Insulating Copper Wire 


General Electric’s interest in varnishes 
and resins begins with its interest in cop- 
per wire—essential component of mo- 
tors, generators, and all power-produc- 
ing and distributing apparatus. Many 
a good engineer has perspired freely 
over problems incident to insulating 
copper windings. Early enamels used for 
the purpose were considered satisfactory 
if, with careful handling, they would 
adhere to the wire at least until the 


GENERAL 


operations involved in winding the coils 
were completed. 

Present synthetic wire enamels, de- 
veloped by General Electric’s Resin and 
Insulation Materials Division, are spe- 
cially designed for each size and type of 
wire. Their superiority to older types 
is so great that revolutionary changes 
in motor assembly have been made pos- 
sible by their use. 


Along Came 
Glyptal Alkyd Resins 


General Electric’s research work in this 
field has gone far beyond the study of 
insulating varnishes. Among the most 
notable G-E developments are Glyptal 
alkyd resins. Glyptal alkyd resins were 
originally produced more than thirty 


years ago in General Electric’s Pittsfield 
Works Laboratory. Since then, they 
have been vastly improved and their use 
expanded to make possible many types 
of baking enamels and paints that pro- 
vide amazing durability and toughness. 


The Future of Silicones 


And now, with General Electric’s in- 
terest in new types of resin and varnish 


research expanding, much emphasis is 
being placed upon the study of silicones. 
Up in Waterford, N.Y., General Electric 
is rushing to completion a new plant 
which will turn out silicones in quan- 
tity. These amazing products of organo- 
silicon chemistry are characterized by 
high resistance to heat and cold. Silicone 


rubber, silicone oil, silicone greases, sili- 
cone resins for paints and varnishes, are 
all expected to have many uses where 
this ability to withstand temperature 
extremes is important. 


G.E.—A Great Name 
In Research 


The Resin and Insulation Materials 
Division is just one branch of General 
Electric's Chemical Department where 
research is opening new doors to prog: 
ress. In many fields—in plastics, in sili- 
cones, in resins, in insulating varnishes 
—General Electric is making new contri- 
butions to chemical knowledge. For 
more information, write Chemical De- 
partment, General Electric Company, 
Pittsfield, Massachusetts. 


A message to students of chemistry and chemical engineering from 
DR. W. R. WHITNEY 


Former Director, General Electric Research Laboratory. 


One of the most fascinating aspects of our work in developing 
new resins and insulating materials derives from the competitive 
position of our many products. For example, silicones and other 
new materials are already vying with older, established lines and 
with each other. With so many new and interesting developments, 
opportunities for younger technical men are most attractive. 
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